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Thrombi located in the left atrial appendage are fre•
quently not detected with conventional two-dimensional 
echocardiography. The transesophageal echocardio•
graphic approach readily visualizes left atrial morphol•
ogy and may be used as an alternative. In 6 of 21 patients 
with mitral valve stenosis, a left atrial appendage throm-
Two-dimensional echocardiography is the diagnostic tech•
nique of choice for the assessment of intraatrial masses, yet 
there are limitations to this approach, particularly in the 
ultrasound investigation of the left atrial appendage (l,2). 
Recently, Herzog et al. (3) reported the first three cases in 
which a left atrial appendage thrombus could be visualized 
by conventional echocardiography, using a modified short•
axis parasternal cross-sectional view at the aortic valve level. 
However, it appears from their description of the two-di•
mensional imaging technique that I) this modified short•
axis view is not readily obtainable and not necessarily the 
same in all patients, and 2) the left atrial appendage was 
visualized optimally only during late ventricular systole when 
the left atrium was maximally distended. 
Our experience with transesophageal two-dimensional 
echocardiography has shown that structures in and about 
the left atrium may be readily assessed with this technique, 
because of the proximity of the esophagus and left atrium 
and the ability to freely scan this cardiac chamber from an 
esophageal transducer position (4-7). We therefore used 
this approach in comparison with transthoracic two-dimen•
sional imaging to prospectively study the sensitivity and 
specificity of the two techniques for the detection of left 
atrial appendage thrombus in patients with mitral stenosis. 
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bus was diagnosed by transesophageal two-dimensional 
echocardiography when transthoracic echocardiography 
had failed. The transesophageal echocardiographic find•
ings were confirmed at surgery for mitral valve replace•
ment in all cases. 
(J Am Coli CardioI1986;7:163-6) 
Methods 
Patients. Our study group comprised 21 consecutive 
symptomatic patients (9 women and 12 men, mean age 51 
± 12 years) who presented at our institution between June 
1984 and March 1985 for a routine echocardiographic in•
vestigation before open heart surgery for mitral valve re•
placement. In all patients diagnostic left heart catheteriza•
tion and cineangiography had been performed within the 
preceding 4 weeks. Left atrial thrombus had not been di•
agnosed. Mitral stenosis, present in all patients, was isolated 
in 6 and associated with additional mitral regurgitation in 
12. Additional aortic valve disease, predominantly regur•
gitation, was present in nine patients. Fifteen of the 21 
patients were in New York Heart Association functional 
class III; I was in class IV and 5 were in class II. All 
patients except three had atrial fibrillation and were treated 
with anticoagulant agents (warfarin [coumadin] in the ther•
apeutic range). Despite adequate anticoagulation, three pa•
tients had had systemic embolic events within the preceding 
6 months. 
Transthoracic echocardiography. A 2.25 MHz trans•
ducer connected to a Diasonics 3400 R phased array sector 
scanner was used for the transthoracic echocardiographic 
study. The size of the left atrium and ventricle and the 
morphology and mobility of the mitral valve leaflets were 
assessed from the standard parasternal and apical views. 
Special care was taken to image the left atrium in different 
tomographic planes for intracavitary masses, and the mod•
ified parasternal short-axis view described by Herzog et al. 
(3) was utilized in an attempt to visualize the left atrial 
appendage. 
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Transesophageal echocardiography. After informed 
written consent was given, all patients underwent transe•
sophageal echocardiography. This was performed with a 
3.5 MHz phased array transducer attached to the tip of a 
commercial 9 mm gastroscope (8) connected to the same 
Diasonics sector scanner. With the patient lightly sedated 
(5 to 10 mg diazepam), lying supine or slightly upright and 
monitored by means of a three lead electrocardiogram, the 
gastroscope was introduced into the esophagus with the 
transducer facing anteriorly. After the orientational land•
mark of the aortic valve had been passed at a distance of 
35 to 40 cm from the patient's teeth, the left ventricular 
inflow tract was imaged by means of a 20° left lateral rotation 
of the gastroscope and further advancement by about 20 
mm (9). Withdrawal of the gastroscope by 40 to 50 mm 
from this position imaged the left atrial appendage as an 
outward bulge in the anterolateral region of the left atrial 
cavity (Fig. 1). From this esophageal transducer position 
the left atrium could be confidently scanned without hin•
drance from anatomic obstacles. The transesophageal in•
vestigation usually took less than 10 minutes and was tol•
erated without complications by all patients. 
Results 
Transthoracic echocardiography. The left side of the 
heart could be imaged in the apical four and two chamber 
views as well as in the parasternal long- and short-axis views 
in all 21 patients. Left atrial diameter determined from para•
sternal views was enlarged and averaged 54 ± 6 mm (mean 
± 1 SD); left ventricular diameter determined from para•
sternal short-axis views at the level of the papillary muscles 
was normal in all patients (52 ± 3 mm). A left atrial mass 
was not found in any standard precordial view. Inspection 
Figure 1. Case 3. Transesophageal cross-sectional view of the 
left atrium (LA) at a level of 2 cm above the aortic valve. The 
echo-free left atrial appendage (asterisk) is imaged in the antero•
lateral region of the cavity. A = anterior; L = left; P = posterior; 
R = right. 
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of the mitral valve apparatus from various transducer lo•
cations disclosed thickened valve leaflets with restricted mo•
bility in each patient. 
In only 4 (19%) of the 21 patients could the left atrial 
appendage be imaged in the modified parasternal short-axis 
view described by Herzog et al. (3). The appendage was 
visualized best during ventricular systole in all 4 patients; 
interestingly, these patients' left atrial diameter was on an 
average larger (59 ± 6 mm) than that of the remaining 17 
patients (53 ± 6 mm). However, utilizing Wilcoxon's test 
on unpaired samples, this difference did not reach statistical 
significance. No thrombotic material could be detected within 
the visualized left atrial appendages. 
Transesophageal echocardiography. Transesophageal 
echocardiography could be performed in all patients. The 
transthoracic findings of enlarged left atrial diameter and 
abnormal mitral valve morphology and mobility were con•
firmed. Moreover, the left atrial appendage could be clearly 
visualized throughout the cardiac cycle in all 21 patients. 
In 6 of the 21 thrombus was evident within the appendage. 
The thrombus was immobile in four patients, filling most 
of the appendage, and it was readily distinguished from the 
atrial wall (Fig. 2 and 3). In the other two patients a slightly 
mobile thrombus was detected (Fig. 4). The length of the 
largest thrombus was estimated to be 45 mm; that of the 
smallest thrombus was approximately 10 mm. 
Cardiac surgery. The transesophageal echocardio•
graphic findings concerning presence and approximate size 
and shape of the left atrial appendage thrombi were con•
firmed during open heart surgery for mitral valve replace•
ment in all patients. No additional left atrial thrombi other 
than those seen on the transesophageal echocardiograms 
were found intraoperatively, either at the wall or within the 
appendage. Thus, there were no false negative and no false 
positive transesophageal echocardiographic findings, re-
Figure 2. Case 4. Transesophageal echocardiogram; image ori•
entation is the same as in Figure 1. The left atrial (LA) appendage 
thrombus (arrows) is clearly outlined. Abbreviations as in Figure 1. 
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Figure 3. Case 10. Transesophageal echocardiogram; image ori•
entation is the same as in Figure I. The left atrial appendage is 
filled completely with thrombotic material (arrows) which is dis•
tinguished from the atrial wall by its lower echo density. Abbre•
viations as in Figure I. 
suiting in 100% sensitivity and specificity of the technique 
for detecting left atrial appendage thrombus. 
Comparison between transesophageal and transthor•
acic echocardiography. In the four patients whose left atrial 
appendage could be visualized from a precordial transducer 
position, there was no discrepancy between the transthoracic 
and transesophageal echocardiographic approaches. No 
thrombus was seen with either technique. Thus, there were 
four true negative and no positive (either true or false) trans•
thoracic echocardiographic findings. In view of the very low 
sensitivity of precordial echocardiography for the visual•
ization of the left atrial appendage, it does not seem rea•
sonable to calculate a transthoracic echocardiographic sen•
sitivity for the detection of left atrial appendage thrombus. 
Figure 4. Case 7. Transesophageal echocardiogram; image ori•
entation is the same as in Figure I . The mobile left atrial appendage 
thrombus appears in this ultrasound plane as two separate masses 
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Correlation with clinical findings. All three patients 
who had had systemic embolic events despite adequate an•
ticoagulation manifested a left atrial appendage thrombus 
on transesophageal echocardiography. One of these thrombi 
appeared in most echocardiographic sections as two slightly 
mobile masses (Fig. 4). 
Discussion 
Conventional two-dimensional echocardiography for 
the detection of left atrial thrombi. Although two-di•
mensional echocardiography is considered the means of choice 
for diagnosing intracavitary masses, it has been frequently 
reported that the technique may fail to detect thrombi located 
within the left atrial appendage (10-12). The incidence of 
left atrial appendage thrombi in the setting of mitral valve 
disease is known from autopsy studies to be significant 
(13,14). The only previously described systematic echo•
cardiographic approach to successful visualization of left 
atrial appendage thrombi from a precordial transducer po•
sition can be found in a report on three cases by Herzog et 
al. (3) 
We have repeated the approach of Herzog et al. in a 
series of 21 consecutive patients with mitral valve stenosis 
and were able to visualize the left atrial appendage in only 
4. Because this part of the cardiac anatomy has been de•
scribed as "blind" (1) and "inaccessible to current tech•
niques of echocardiographic study" (2), our high failure 
rate is hardly surprising, even though we did use the mod•
ified parasternal short-axis view advocated by Herzog et al. 
(3). These authors reported an M-mode-derived left atrial 
diameter of 72 mm in one of their patients and a "marked 
biatrial . . . dilation" in another, which is in accordance 
with our finding that the left atrial diameter of the four 
patients whose left atrial appendage could be visualized 
tended to be larger than that of the other patients. Thus, 
one may infer that the approach of Herzog et al. will be 
successful primarily in patients with a markedly enlarged 
left atrium. 
Transesophageal echocardiography. The difficulties 
in visualizing the left atrial appendage encountered with 
transthoracic echocardiography are not present with trans•
esophageal echocardiography. The left atrial cavity, being 
adjacent to the esophagus, is freely accessible to ultrasound 
emerging from an esophageal transducer position, and var•
ious horizontal tomographic sections can readily be obtained 
by advancement and withdrawal of the ultrasound gastro•
scope. Visualization of the left atrial appendage was main•
tained throughout the cardiac cycle, whereas transthoracic 
visualization was impaired during ventricular diastole. The 
left atrial appendage could be inspected in all patients by 
the transesophageal approach, and thrombus within the ap-
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pendage was detected in six. Cardiac surgery confirmed all 
transesophageal echocardiographic findings. 
Disadvantages. Transesophageal echocardiography is 
an uncomfortable procedure for the patient and it may pro•
voke aspiration or, in the worst case, lead to perforation of 
the esophagus (4). However, in several hundred patients 
studied we have never experienced serious complications 
related to the technique. Apart from slight gagging during 
introduction of the gastroscope, the majority of patients 
tolerated the investigation well. Another potential hazard of 
transesophageal echocardiography performed in patients with 
an enlarged left atrium IS the induction of an arrhythmia 
because of mechanical irritation of atrial myocardium by 
manipulation of the gastroscope. Yet neither in this nor in 
previous studies (4-7) have we observed changes in the 
patients' electrocardiograms during transesophageal echo•
cardiography. We believe that generally the disadvantages 
of the technique are outweighed by its diagnostic capabilities. 
Clinical implications. Transesophageal echocardiog•
raphy is a particularly useful and efficient approach for the 
diagnostic inspection of the left atrial cavity in patients with 
cardiac disorders predisposing to hemostasis in this cardiac 
chamber. We consider the technique to be indicated in pa•
tients with mitral valve disease and a history of peripheral 
embolization despite adequate anticoagulation in whom 
transthoracic echocardiography has failed to diagnose left 
atrial thrombus. In cases where the severity of the valvular 
disease does not warrant immediate surgical intervention, 
transesophageal echocardiography after a systemic embolic 
event may be helpful in planning cardiac surgery. 
We are indebted to Manfred Prinz for preparation of the illustrations. 
References 
JACC Vol 7, No I 
January 1986 163-6 
I. DePace NL, Soulen RL, Kotler MN, Mintz OS. Two-dimensIOnal 
echocardiographic detectIOn of intraatrial masses, Am J CardlOl 
1981 ;48:954-60. 
2. Come PC, Riley MF, Markis JE, Malagold M. Limitations of echo•
cardiographic techniques in evaluation of left atrial masses. Am J 
Cardiol 1981;48:947-53. 
3. Herzog CA, Bass 0, Kane M, Asinger R. Two-dimensional echo•
cardiographic imaging of left atrial appendage thrombi. J Am Coli 
Cardiol 1984;3:1340-4. 
4. Hanrath P, Schliiter M, Langenstein BA, et al. Detection of ostium 
secundum atrial septal defects by transoesophageal cross-sectional 
echocardiography. Br Heart J 1983;49:350--8. 
5. Thier W, Schliiter M, Krebber Hl, et al. Cysts in left atrial myxomas 
identified by transesophageal cross-sectional echocardiography. Am J 
Cardiol 1983;51:1793-5. 
6. Schliiter M, Langenstein BA, Thier W, et al. Transesophageal two•
dimensional echocardiography in the diagnosis of cor triatriatum in 
the adult. J Am Coli Cardiol 1983;2:1011-5. 
7. Schliiter M, Kremer P, Hanrath P. Transesophageal 2-D echocardio•
graphic feature of flail mitral leaflet due to ruptured chordae tendineae. 
Am Heart J 1984;108:609-10. 
8. Souquet J, Hanrath P, Zitelli L, Kremer P, Langenstein BA, Schliiter 
M. Transoesophageal phased array for imaging the heart. IEEE Trans 
Blomed Eng 1982;BME-29:707-12. 
9. Schliiter M, Hinrichs A, Thier W, et al. Transesophageal 2-dimen•
sional echocardiography. Comparison of ultrasonic and anatomic sec•
tions. Am J Cardiol 1984;53:1173-8. 
10. Schweizer P, Bardos F, Erbel R, et al. Detection of left atrial thrombi 
by echocardiography. Br Heart J 1981;45:148-56. 
11. Baker KM, Martin RP. Two-dimensional echocardiographic detectioh 
of left atrial thrombi in rheumatic mitral valve disease (abstr). J Am 
Coli Cardiol 1983;1:703. 
12. Shrestha NA, Moreno FL, Narciso FV, Torres L, Calleja HB. Two•
dimensional echocardiographic diagnosis of left atrial thrombus in 
rheumatic heart disease. A clinicopathologic study. Circulation 
1983;67:341-7. 
13. Jordan NA, Scheifly CH, Edwards JE. Mural thrombus and arterial 
embolism in mitral stenosis. Circulation 1951;3:363-7. 
14. Wallach JB, Lukash L, Angrist AA. An interpretation of the incidence 
of mural thrombi in the left auricle and appendage with particular 
reference to mitral commissurotomy. Am Heart J 1953;45:252-4. 
